Abstract-This paper presents the load frequency control in isolated ac microgrid using fuzzy logic table control. The objective of load frequency control is to hold the frequency constant against any load changes. The main task of microgrid is to maintain the voltage level supply to the loads. Any mismatch between the power generations and loads create to the major problem of frequency fluctuation that effected to the active power sharing and reliability in microgrid power flow. In this paper, the model of the generation unit in microgrid is carried out for proposing the load frequency control using fuzzy logic table. The comparison of the proposed method is compared with the common proportional integral (PI) controller. The simulation results have shown that the proposed method is better than PI controller in term of transient performance. The simulation is carried out through the Matlab/Simulink environment.
I. INTRODUCTION
Power system can be considered as the generated power supplied to different loads containing active and reactive powers, and constant frequency during steady-state operation [1] . During the steady-state, there is a possibility of the changes in the loads incessantly that make the frequency fluctuated. Mainly, when decreases in the load, the system frequency will affect to rise if the power reference is kept at zero. Similarly for the load increases, the frequency may drop [2] .
Nowadays, with the advancement of renewable energy resources (RES) have increased the demand of developing microgrid systems. The microgrid has become popular in modern power grid system since its flexibility and place located. Microgrids can be defined as the small scale power networks that contain multiple distributed generations (DGs) and various critical loads. In term of operation, it can be operated independently from the utility or main grid. Customarily, the microgrid also can be worked autonomously for both grid connected and islanded mode, respectively [3] .
Due to the location of microgrid, the power supplied to the loads could be enhanced in term of reliability and energy security by providing utility with local power generation and backup storage [4] [5] . In microgrid, most of DG units are using RES such as solar photovoltaic (PV) and wind as power sources. The converter interfacing is used to control the output power of each DG units [6] , so as the optimal output power could be achieved [7] . As known as highly intermittent of RES, the energy storage devices are normally attached to enhance the reliability of microgrid. The synchronous generator/diesel generator is often used to support the power produced in RES. This generator is normally driven by turbine that responsible for maintaining the frequency in the ac microgrid. Hence, the frequency is directly proportional to the speed of the synchronous generator (SG) [8] .
Essentially, a control approach is to cancel the effects of the random load changes and to keep the frequency and voltage at the standard values. In practice, the load frequency control (LFC) mostly uses PI controllers. However, since the PI parameters are usually tuned based on analytical or trial-anderror approaches, they are incapable of obtaining good dynamic performance for various load changes scenarios [9] . The conventional LFC designs are usually suitable for working at specific operating points, and they are not more efficient for a modern power grid network, especially in microgrid system that uses RES as power sources [10] .
In many control methods, fuzzy logic (FL) is one of popular control methods that have been used in many sectors of industry and technology. One of the applications is in regulating LFC. It has shown promising performance, without the need of a detailed mathematical model of the system [11] . One needs to convert those crisp variables (both input and output) to fuzzy variables, and then apply fuzzy inference to process those data to obtain the desired output. In most cases, those fuzzy outputs need to be converted back to crisp variables to complete the desired control objectives [12] . Regarding these issues, several studies have been carried out for applying fuzzy logic control to improve performance of system controller.
There are some works have been done using fuzzy control approach. As in [13] , the controller has been simulated in two area interconnected system. A comparison between conventional controller and the proposed adaptive fuzzy controller, using fuzzy gain scheduling, depicts the effectiveness of fuzzy gain scheduling used for nominal operating conditions. Then, a simple fuzzy-based frequency control method is proposed for the PV generator in a PV-diesel hybrid system without the smoothing of PV output power fluctuations [14] . Other also has done on investigation of dual mode of fuzzy logic controller that applied to reheat based thermal power systems using superconducting magnetic energy storage unit [15] . This approach of fuzzy logic controller had significantly improved the microgrid operation and proof that the fuzzy control can be further investigated for enhancing the microgrid reliability, especially for regulating LFC.
Besides FL approach, in [16] , the critic based self-tuning PI control has been proposed and used for VSC power control of microgrid system. The learning rate was tuned based on BP of error signal using learning algorithm. However, due to the selected initial value, there are some disadvantages such as high computational burden and increased sensitivity. Hence, this algorithms increase the complexity of the control system, and also complicated adaptation.
In this paper, the problem of designing the robust autonomous mechanism that tracking the frequency deviation and regulate the system's frequency is presented. By avoiding the complete design of fuzzy logic controller, this work will proposed the approachable of fuzzy logic table control (FLTC) in ac microgrid to regulate the system's frequency for proper active power sharing. Mostly, the lookup table fuzzy utilizes two blocks of lookup table for input and output that is complicated to implement. But, in this work, the contribution is that the fuzzy control is only based on the estimation of one block of lookup table. So, the high accuracy of control and ease of implementation would be obtained. The comparison response will carried out for verification through Matlab/Simulink environment.
II. MICROGRID CONFIGURATION
The configuration of an isolated microgrid consists of multiple DG units, in which one of them is an inertial DG (i.e., SG) while others are converter interfaced DGs (i.e., PV, and battery) used for the microgrid system as shown in Fig. 1 . Dispersed loads are three resistive heater local loads, RLC load, and induction motor load. The rated frequency of system is 50 Hz. 
A. Synchronous Generator (SG) Model
The SGs are commonly used in isolated microgrids, due to it not require a supply of reactive power from the grid and selfstart [17] [18] . In SG, the frequency of the output is directly related to the rotational speed of the rotor at a given speed, in which the generator is always producing the same frequency. A three phase SG has been used and the equations of motion of the rotor machine as in the following;
Where is the total moment of inertia of the rotor mass, is the mechanical torque that supplied by the prime, is the electrical torque, which is output of the alternator, is an accelerating torque and θ is the angular position of the rotor.
In steady-state, the accelerating torque is zero, resulting in a constant rotor velocity. When is greater than , is positive therefore, resulting in increasing rotor speed. Similarly, when is less than , then the rotor speed is decreasing. It can be described as follows;
Where, ∆ω is a speed variation, H is constant of inertia, K d is a damping factor, ω(t) is mechanical speed of the rotor, and is speed of operation. When the machine is connected to an infinite network (zero impedance), the variation of machine power angle delta ( ) is resulting from the changes of mechanical power ( ), that can be approximated by the following second-order transfer function:
Where is a power angle, which is angle of internal voltage, is a mechanical power, is a frequency of electromechanical oscillations, ζ is a damping ratio, is an electrical frequency and is maximum power transmitted through reactance at terminal voltage and internal voltage. Therefore, the frequency of electromechanical oscillations and damping ratio can be defined as follow;
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Meanwhile, the maximum power transmitted through reactance at terminal voltage and internal voltage can be calculated as follows; * ⁄
B. Governor and Speed Control
The speed-governing system is used to adjust the frequency. Governors adjust the turbine valve/gate to bring the frequency back to the nominal or scheduled value. For power and load sharing among generators connected to the system, speed regulation or droop characteristics must be provided [19] . The governor controls the changes of fuel supply to the turbine in response to a change in generator speed, thereby controlling the generated power and regulating the changes in Meanwhile, in term of speed characteristic of the governor with speed droop at steady-state is shown in Fig. 3 , where = steady-state speed at no load, = steady-state speed at full load and = nominal or rated speed.
C. Turbine Model
For ease, the turbine model could be considered as a transfer function with time constant (as shown in Fig. 4) . Generally, the turbines convert the initial mechanical energy to the electrical energy, in synchronous generators. 
D. Droop Power Sharing
The droop control is a control commonly applied to generators for primary frequency control (and occasionally voltage control) to allow parallel generator operation (e.g. load sharing). The advantage of the droop method is that it does not require communication signals among units in parallel; thereby increasing the reliability of the system and reducing the cost significantly. The conventional droop control is real power-frequency (P-F) droop control and reactive powervoltage magnitude (Q-V) droop control. In a transmission line, the real and reactive powers are designed as:
III. FUZZY LOGIC TABLE CONTROL
To get a desirable LFC, the fuzzy logic table control (FLTC) is proposed in order to increase a fast response of the SG as shown in Fig. 5 . , for a given , , data points.
The row and column indexes could be defined as 1-by-m of x data point and 1-by-n of y data point of vectors. While, the table data is defined as m-by-n matrix of z data point. It is can be illustrated as the first input port maps to the first table of dimension , and the second input port maps to the second table of dimension . As shown in Fig. 6 , the first input identifies the first dimension (row) breakpoints; the second input identifies the second dimension (column) breakpoints. 
A. Data Sets and Table Data
To obtain the sizes of breakpoint data sets and In this example, the input and output data are the same size and these numbers represent the output. Specify the row and column values for the table as a vector, the row and column input values parameters are converted offline to the data type of the corresponding input signal. The block uses the input values to generate the output using the method of selecting for the lookup table parameters. The input and output data are the same size (1-by-7) , making the data consistently dimensioned for a 1-D lookup table. Meanwhile, the following input output values that define the 2-D lookup table is graphically shown in Fig. 7 . These numbers represent the limits of row in the lookup table and in real control that representing the parameter of (I) value of PI controller. In this example, the sizes of the vectors representing the row and column indices are 1-by-3 and 1-by-4, respectively. Consequently, the output table must be of size 3-by-4 for consistent dimensions as listed in Table I . The uses of the input values to generate output using the fuzzy lookup table method that specifies the output data will pass to control output gain (such in Fig. 5) .
The modification can be made for faster estimation than mathematical function evaluation as shown in Table II . This may result in calculating speed gains when simulating the model. Then, the revise table data could be found as shown in Fig. 8 . The results obtained by the modified table are better in computation, thus can be selected the table for control purpose. 
IV. SIMULATION RESULTS
As can be seen in Fig 1, SG is rotational machine that responsible for the LFC task and two DC sources (PV and battery) connected to the microgrid by inverter is used in this simulation. The parameters that been adopted in microgrid are depicted in Tables III and IV.   TABLE III. PV SOLAR PARAMETERS To evaluate the proposed control scheme, simulation results are presented using two different controllers, i.e., PI controller and the proposed FLTC that changing the parameter of the output gain. The selection values used (5, 10, and 15) are shown in Fig. 9 . All DGs in the proposed microgrid system are equipped with their rated power. In Fig. 10 , illustrating when the load is increased at time(s) = 1s. It is seen that the synchronization of active power is properly distributed when the load changes. Three performances criteria are preferred for comparison, i.e., settling times, overshoots of the frequency deviation and rise time which have been summarized in Table V . A frequency of load change at time(s) = 1s and the frequency error of ac microgrid after operation are shown in Fig. 11 and 12. Meanwhile, in Fig. 13 , illustrating the rotor speed oscillation that demonstrates the proposed FLTC shows a better damping. Then, Fig. 14 shows the comparison of time responses deviation of speed rotor at each output gain that been used in FLTC. Then, as shown in Fig. 15 , the voltage and current load which shows the changes in the current at first cycle, when the load change at time(s) = 1s. From these results, it is clearly seen that the dynamic response of microgrid performs better for the proposed FLTC when compared to PI controller. 
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